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What is Dark Energy? 
  In 1998, astronomers 

discovered that the 
expansion rate of the 
universe is 
accelerating 

 Dark energy causes 
this acceleration 

 Accounts for 73% of 
the total energy 
density of the 
universe 

 Nature unknown 



Dark Energy Survey (DES) 
  International collaboration of ~100 scientists from 

~20 institutions 
 Probe nature of dark energy by testing evolution 

of: 
1. the clustering of dark matter (via weak lensing)  
2. the clustering of galaxies 
3. the distribution of galaxies 
4. the magnitude at peak brightness of Type Ia 
supernovae 



Dark Energy Survey (DES) 
  5000 sq deg grizy 

imaging survey of 
Southern Galactic 
Cap (5 yrs) starting 
this winter 

  Conducted on CTIO 
Blanco 4m telescope 
(Chile)  

  Will use new wide-
field camera 
(DECam) 



PreCam Survey 
 Objective: Create a network 

of calibrated DES grizy 
standard stars (photometric 
calibration) 

 Photometry – Measurement 
of the intensity of light 
(magnitude) 

 Within DES footprint 
 Used small camera on UM 

Curtis-Schmidt telescope 
(0.61 m) at CTIO  



PreCam: My Research 
  My objectives: research methods for astrometry 

(measurement of position of stars) and photometric 
calibrations 

  Benefits:  
1.  Permits better nightly photometry during DES 

operations 
2.  Improved relative calibrations for DES 
3.  y-band standard stars (very few red standard stars 

exist) 
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PreCam Images 
 Focused on 

‘golden nights’  
 Use ds9 to view 

images and 
catalog overlays 

 Each image was 
taken with 2 CCDs 



Programming in Python 
 Wrote my own programs (~20) to perform 

astrometry and photometry 
 When comparing catalogs, must 

determine ‘matched’ objects 
 Used in all aspects of analysis 



PreCam Astrometry 

  Created reference catalogs in ds9 from the GSC 
2.2 online catalog  

  Ran Source Extractor (SExtractor)to create 
object catalogs 

  Produced region file overlaying SExtractor 
catalog 



Astrometry Results 

 Looking for narrow peaks indicating correct 
object matching 

 Double peaks caused by 2 CCDs 
  Confirmed by splitting image 



PreCam Photometry 
 Calibration of photometry in PreCam images 
 Used GSC 2.2 as reference catalog 
 Wrote program that compares measured 

magnitudes of ‘matched’ stars 



Photometry: Accuracy 

 Sigma and 
accuracy 
  Sigma~0.1 

 ∆m*100~ 
%intensity 
change 

  Intensity 
accuracy=10%  



Photometry Results 

 Scatter plots (∆m vs m) reveal distribution 
 Want narrow peaks 
 Observe outliers 



Photometry Analysis 
 Do outliers have a common cause? 
 Edges of CCD could be an issue 
 Use a border of about 7% total size 

o  About 44% are edge objects for 
∆m < -2.4 

o  About 74% for ∆m > -1.9 
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Thank You for 
Listening! 


